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insertion is realized via low pass filter suchlad,C or LCL
Abstract—This article presents two methods for the filters [6].
compensation of harmonics generated by a nonlinedoad. The Source Load
first is the P-Q algorithm method. The second is theontroller W
Non-Linear
Linear

by fuzzy logic. Both methods are applied to a Parkdl Active e ity
Power Filter (Active Power Filter shunt - APFs) basd on a
three-phase voltage converter at five levels NPC pology. In
calculating the harmonic currents of reference, weuse the
algorithm Source
P-Q and pulse generation, we use the intersectiveA\M. For
flexibility and dynamics, we use fuzzy logic. The mlts give us
clear that the rate of Harmonic Distortion issued ly fuzzy logic
is better than P-Q algorithm.
Key-Words— APFs, Pulse Width Modulation (PWM), THD, Active Power Filter shunt (APFs)
Fuzzy logic controller, P-Q algorithm. Fig. 1 Active Power Filter shunt principle scherosti
The most important objective of the APF is to congage
the harmonic currents due to the non-linear loacgcHy to
. INTRODUCTION sense the load currents and extracts the harmomipanent
he increasing use of control systems based on powafrthe load current to produce a reference curasnshown
electronics in industry involves more and moren fig. 2, The reference current consists of themfumic
disturbance problems in the level of the electrmaler components of the load current which the activierfimust
supply networks [1], [2]. Non-linear electronic cpoments supply [7], [8]. APFs is controlled to supply/extta
such as diode/thyristor rectifiers, switched modawgr compensating current to/from the utility Point Coomm
supplies, arc furnaces, incandescent lighting armmtom Coupling (PCC).
drives are widely used in industrial and commercial
applications. These non-linear loads create hamnami W e B
distortion current problems in the transmission and
distribution network. The harmonics induce malfimms in
sensitive equipment, over voltage by resonance and
harmonic voltage drop across the network impeddhae
affect power quality [3].

Researchers around the world are developing aweacti
power filter shunt (APFs) to improve the power dfyal
without the disadvantages of passive filters desctiin [4],

[5]. The power switching devices is driven with sifie
control strategy to produce current that is ablecimpensate
for harmonic and poor power factor load.

0o

Filter

M

cca Rs  Is

.S <,

|
|
|
|
|
} sh,
|
|
|
|
|

Il.  Active Power Filter shunt
. . . Fig. 2 Equivalent schematic of APFs five levels
Active Power Filter shunt (APFs) is a power elegits

device based on the use of power electronics iersert
(Fig.1). The shunt active power filter is connecteda
common point connection between the source of power
system and the load system which present the saidrtee
polluting currents circulating in the power systines. This
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I1l.  Multilevel Inverter lllustration

A. Modeling of Three-Phase Inverter a Five-Level NPC
Topology

The topology modelled in this study is the voltageerter
three phase five-level topology NPC (Neutral P@iamp)
[9], [10]. Fig. 3 shows the voltage three-phases-isvel
NPC topology inverter. The symmetry of three-phtige-
level inverters can model them by arm [11], [12B]}
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Fig. 3 Three-Phase Inverter a Five-Level NPC Topplog

To avoid short-circuit voltage sources by condgtin
several switches, and the inverter is completehtrodiable,
we adopt an additional control, the optimal conisadefined
as follows:

Fra=1-F

Fis =1-F

Fe =1-Fs

(1)

For the armk, the connection functions of half arm
expressed by means of connection functions of witetses
as follows wheréc=1, 2, 3

b _
{Fm = F-Fea-Fes
b _ ,
Fro = Fa-Fus-Fee
Connect functions for switches in parallel are wedi as
follows:

{FW = Flekz(l‘ st)

Feg = Fk4Fk5(1_ Fk6) ,

Potentials of nodes A, B and C of Three phase léve}
inverter relatively to the middle point M in the sea
Ucy = Ugz = Ugz = Uy = U are given by the following

)

®3)

system:
Vau | | Pzt 2R ~Fig=2F 4
Vaw |=| Far +2F21=Fos =2F3 U, “)
Vewm | | Fay +2F5 —Fag—2F8)
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The voltages across the load are given by the Viotig
system:

b b
Fi7 + 2R, —Fg—2F,

A 2-1-1
Vg =Y 40 Foy+2F0 —Fpg—2F2 U b, (5)
Ve ~1712]|) By + 25 - Fyg —2Fg

B. The four carriers sinusoidal pulse width modulatio

strategy

In this section we will present the strategy trialog
sinusoidal with four triangular bipolar carriers3]1 [14]
(Fig.4). Where we use four triangular carriers lpdU,,
Up2, Ups, Ups) dephased one quarter of the peridg/g) one
relative to another. As for the triangulo-sinuséidammand
at a one carrier, this strategy is characterized thyy
modulation indexm.

fom

_f_m! (6)
= Vi
f—Upm, Q)

Upi23a V15 Vigriog V1

0.002 0.004 0.006 0.008 001 0012 0.014 0.016 0.018 0.02
Time [s]

Fig. 4 Different signals for the four carriers ssoidal pulse width
modulation strategy (m = 6, r = 0.8)

IV. Method of instantaneous power

A. Instantaneous active and reactive powers

This method of identification of harmonic currents,
simpler is to eliminate the dc component of insdarbus
active and reactive power which is relatively espchieve
[15]. Respectively denote the vectors of voltagésthe
connection point\] and load currentd a balanced three-
phase system by [15], [16], [17]:

Vga I

[Vs] =|Vsb

VSC

ca
and [ic]= icb ’
i

(8)
cc

The transformation of three-phase instantaneousesabf
voltage and current in the reference frame of cioatds is
given by the following terms:
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1-1/2-1/2] Vs reactive fundamental component of the current.
{Vsa} _ \/Z 3 3 Ve, 9) pandg : Power alternatives related to the sum of harmoni
V. 3 07—7 Voo components of current [18], [21].
and currents : - 1 0
. 1-1/2-1/27ig o
lea _ 2 . Tha L x
. == ﬁ \/§ lep | (10) x 2 1 3 Tha
s 30— -— | o | = |3 75 5 || . (23)
2 2 lec . 3 2 2 Ihﬁ ’
The real and imaginary instantaneous power denpted | 'nc 1 1 3
andq are defined by the following matrix relation: - > - 2
VgV, i - -
[p} ={ i }{w}, (11) The diagram in Fig. 5 shows the steps for obtairiivey
Al ["VeVea || les current harmonic components of nonlinear load [20].
By replacing the two-phase voltages and currentthbly Non-
counterparts phase, we obtain: Linear vde
. . . . . Loac
P=Vglea +V58|cﬂ =VsdcatVsgeh TVsdees (12) ] ’ p p* v
o ) ] a-b-g Iaj P Cow | >&»
Similarly, for the imaginary power we have: loo ‘ petq|,| Pass| . [i -
1 e |/ op| L3 L Fitter [ 9 op />
q :Vmiqﬂ _VSBica = [(Vsa_vst)icc+(vsb _VSE)iCa+(VSC _Vsa)icb] ! (13) Va Va Vuz $:b*
\/é "_'jib—t a-b-c/| P viet > a-b-fp
V/,y2
From the expression (11), Asking: ] b‘*%&"» ol v
A :Vsza +V52ﬁ On a: Source TR
[

or:

oo | 1| Vor Ve [ (14) =0 R
g | D|vgVsy O]’ =

Fig. 5 "P-Q" Algorithm extraction of harmonic cunts

[ ca:| :1{{% —vﬂ{ D}{Vm ‘Vsﬁ}{O}} _ l:icap]{icaq] (15) B. Apparent power, reactive power and distortion power

U | D[ VgVe 0] |VgVe A iom | |Tem [17], [19]
with:
v v Steady deformed, it must amend the definition afgroso
i cap :% oy = —Tﬂq , (16) that it reflects the current harmonic:
Vs ) Ve 0 a7 S=JP?+Q?+D?, (24)
P P e S=kvA "
The instantaneous power along the axes and can be P
written: e F'
. . . D=KVay,
|: pa:| - |:Vsa|ca:| — |:Vsa|cap:| + l:vsalcm]:l — l: pap:l + l: paq:| , (18)
Ps| [Vsles Vgl Vgl Ps Paq o=kvat / V7 _—
v v . a’
Pap =77 P Pag =74 % (19) P=kW
V2 vV V. Fig. 6 Vector representation of apparent power
-l A (20) . . :
Pa ="~ P Poa == 719 In single phase, if the instantaneous voltage amdent
From the expressions (12), we can write: are expressed as:
P=Pap * P+ Pag + Pg = Pap + P (1) v(t) =2V sin(t)
The instantaneous powers p and g are expressed as: o _ , (25)
p=p+p 22 |(t)=2x/§I neft SiN(at +@,)
= = n=1
q ;vgh+ q This is the case for a strong network. Then we have

pandqg: Continuous

power related to the active an(f =Vi;cos@), (26)



Q = Vst l et SIN@A) , (27)
S:Veffleff' (28)
Ieff :\/Ifeff+|§,eﬁ+|§eﬁ+"'+lﬁ,eﬁ ’ (29)
DZV\/IS,eff+|3?2,eff+"'+|r21,eff ! (30)

C. Total Harmonic Distortion (THD)

Our work focuses on using a parallel active filtwhich
means we need to calculate the Total Harmonic Ristoof
current, as shown in this expression [22]:

, (31)

V. Fuzzy Logic Controller

Fuzzy logic serves to represent uncertain and ioigee
knowledge of the system, whereas fuzzy controlvalo
taking a decision even if we can't estimate inpuigduts
only from uncertain predicates [23], [24]. Fig. How/s the
synoptic scheme of fuzzy controller, which possesse
inputs: the errord), (e =i, —i5) and its derivativede), and
one output: the commanddg.

Signa|
ey

Error ()
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- Implications using the ‘minimum’ operator, infam
mechanism based on fuzzy implication containing fuzzy

rules.

- Defuzzification using the ‘centroid’ method.

Finally, the fuzzy rules are summarized as follows:
1. If (e) is zero (ZE), thencdq is zero (ZE).
2. If (e) is positive (P), thefcde is big positive (BP).

3. If (e) is negative (N), thercfle is big negative (BN).
4. If (e) is zero (ZE) andde) is positive (P), thefcde is

negative (N).

5. If (e) is zero (ZE) andde) is negative (N), thefcde is

positive (P).
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Fig. 9 Fuzzy rules establishment

The fuzzy inference mechanism used in this work is
presented as following. The fuzzy rules are sunwedrin

—>
Reference | dError/dy__|

/XN

—>| Proces Command

t

(cdg

Fuzzy Controller

Fig. 7 Fuzzy controller synoptic diagram

Fig. 8 illustrates stages of fuzzy control in trensidered

Table | [25].
TABLE |
Fuzzy INFERENCERULES
e(t)
cde(t) NBE NS Z PS g
NB NB NB NS NS Z
NS NB NS NS Z PS
de(t) z NS NS Z PS P9
PS NS Z PS PS PH
PB Z PS PS PB PH
VI. Simulation Result and Analysis

The Simulink toolbox in the Matlab software in orde
model and test the system using P-Q algorithm noethen
fuzzy logic controller. The system parameters valage

summarized in Table II.

base of rules and definitions: fuzzification, irdfece
mechanism, and defuzzification.
Base of Rules arld
Definitions
Imput Output
d
(tomﬂ Fuzzificatioﬂl Defuzzificatiol (commagd)
Inference
Mechanisn

Fig. 8 Fuzzy control construction

This step consists of transforming the classicael fmss
correctors (LPF) on fuzzy ones. The main chareastiesi of
the fuzzy control are:

- Three fuzzy sets for each of the two inpusdg with
Gaussian membership functions.

- Five fuzzy sets for the output with triangularmigership
functions.



220Vrms, 50 Hz
19.4puH, 0.25 N2

Supply’s voltage & frequency
Line's inductance.s & resistancers

DC link’s inductance. 4. & resistanceéRy. | 20 mH, 6.5Q
inductance.¢ 1.8 mH
Shunt active filter

DC supply voltagéJ.;=U /4 210V,

& inductancel¢ 2.2 mH

it calculation & Control bloc
2" order Band Pass Filter BPF, Cut-off| 50 Hz,

frequencyfy & Damping Factor Zetéd 0.707

1%t order Low Pass Filtef; LPF, i LPF, K=1,t=50e-6 s
Carrier bipolar saw-toothed, signal K=1r=2e-4 s
magnitude and frequency, Switching 10, 20 kHz.,
frequency 5 kHz.

Simulation in this section 3-phase 5-level shuntiivac
power filter response shown heig voltage condition
sinusoidal. Simulation is carried out for both arganeous
power theory P-Q and fuzzy logic controller.

Fig. 10(a) shows the source peak line-to-neutritages
of phases “a”, “b” and “c” as indicated ¥,

Fig. 10(b) shows the distorted source or load cisrdue
to the presence of the nonlinear load and when APRst
connected as indicatediin.

Fig. 10(c) shows the source currents with P-Q miktho
then fuzzy logic are shown iR,iwhich shows a value for
fuzzy controller a little less than the P-Q aldamit and a
better sine wave form during the steady state.

Fig. 10(d) shows the compensating current injedteal
the system by the APFs is illustrated iy and similar
currents are injected into phases “b” and “c” foothh
methods.

We see that the filter current, well pursues its reference
for fuzzy method that the P-Q algorithm as indidabg the
two figures in Fig. 10(e).

However, a THDi>5% is unacceptable according tos -

international standards [26]. Indeed, there artodiens in
the current wave source. The latter are especiatly
intersections of, (current drawn by the nonlinear load) with
ica for nonzero values of these two currents (as atdit in
iLas Isa @nd i, curves), i.e. when., changes direction of
growth (up—~down or down-up), (see Fig. 10(f), more
precisely, it is atdi/dt. Therefore, to reduce these
distortions and make the THDi<5%, we must courthese
dicy/dt.

Fig. 10(g) illustrates the performance of Shuntivact
power filter under balanced sinusoidal voltage ol
THD for P-Q algorithm method is about 1.24% and Tfeb
fuzzy logic controller is 0.80%.

Source Voltage
Veape (V)

Source Currents

RO

Load, Source and Filter currents
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The THD measure in the presence of a controllechShyz2]
Active Power Filter
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VII.

Conclusion

is within the IEEE-519 harmosic

standard.

The results obtained in this modest work allow as t[;3

visualize the effectiveness of an active poweeffilshunt
(APFs) using a P-Q algorithm then a fuzzy controlle

In fact, the harmonic distortion (THD) drops aftesing [14]
the parallel active filter from 19.20% to 1.24% ftine P-
Q algorithm method and to  0.80% for the fuzzy Iogic15]

controller. Thus the power factor has been fixédt is to
say voltage and current became alniogthase.

Summarizes that the Fuzzy Logic controlled base®sAP [16]

demonstrates a better dynamic behavior than coiovexht
algorithm method P-Q. It does not require any nmatteal
model of the system and can also work with impeecis
inputs.
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